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Abstract The 1,10-phenanthroline tricycle and its derivatives are of great interest in medicinal chemistry. Some 

years several research papers have been published on the 1,10-phenanthroline core alone or complexed with various 

metals. Researchers have explored new approaches to functionalize the 1,10-phenanthroline motif in order to obtain 

less toxic potential drug candidates without adding additional metals. This research has shown that the 1,10-

phenanthroline tricycle and its derivatives possess important antimalarial, antimicrobial, antitubercular, antifungal, 

antiviral, anti-inflammatory, anticancer and antioxidant properties. This review of the literature will discuss the 

different methods of construction of the 1,10-phenanthroline tricycle as well as the therapeutic potential of 1,10-

phenanthroline derivatives not coupled to transition metals. 
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1. Introduction 

1,10-phenanthroline and its derivatives are compounds with excellent intercalation capacity with DNA base pairs [1-

3]. In addition, the 1,10-nitrogen arrangement favors a non-specific inhibition of metalloproteins, which increases 

their toxicity [4-6]. As this toxicity limits the therapeutic use of 1,10-phenanthroline derivatives, various complexes 

with transition metals have been developed to reduce this toxicity [7-11]. In addition, complexes of 1,10-

phenanthroline with transition metals most often lead to incomplete intercalation of DNA base pairs because the 

nitrogen atoms required for intercalation are engaged in coordination bonding with the transition metals, which 

could result in decreased biological activities [12, 13]. Efforts to chemically modulate 1,10-phenanthroline 

derivatives to reduce toxicity without the addition of transition metals seems to be an alternative solution. While for 

transition metal-coupled 1,10-phenanthrolinone derivatives, there are several reviews [14-19], this is not the case for 

metal-uncoupled derivatives. This is why we have set ourselves the objective of listing the main methods of 1,10-

phenanthroline tricycle edification as well as the therapeutic potentialities of non-metal coupled 1,10-phenanthroline 

derivatives. 

 

2. Chemistry of 1,10-phenanthroline 

Phenanthrolines (Figure 1) are tricyclic compounds belonging to the chemical group of diazaphenanthrenes. 

Depending on the position of the nitrogen atoms in the tricyclic ring, three isomers are distinguished: 1,10-

diazaphenanthrene, 1,7-diazaphenanthrene and 4,7-diazaphenanthrene. These isomers are also referred to as ortho-

phenanthroline for the 1,10-diazaphenanthrene isomer, meta-phenanthroline for the 1,7-diazaphenanthrene isomer 
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and para-phenanthroline for the 4,7-diazaphenanthrene isomer [20]. The prefixes ortho, meta and para are related to 

the arrangement of the two amine functions of the phenylenediamine used as starting material in the synthesis of 

diazaphenanthrenes. Thus, ortho phenanthroline, meta-phenanthroline and para-phenanthroline are derived from 

orthophenylenediamine, meta phenylenediamine and para phenylenediamine respectively [21]. 

N

N N N N

N

1,10-diazaphénanthrène
 (Ortho phenanthroline)
(1,10-phénanthroline)

1,7-diazaphénanthrène
 (Méta phenanthroline)
(1,7-phénanthroline)

4,7-diazaphénanthrène
 (Para phenanthroline)
(4,7-phénanthroline)  

Figure 1: Chemical structure of diazaphenanthrene 

Historically, the first 1,10-diazaphenanthrene derivative was prepared in 1889 by Gerdeissen. It is a white solid, the 

monohydrate form of which has a melting point of 117 °C. It is soluble in most common organic solvents [22]. 

Various methods of tricyclic 1,10-phenanthroline construction have been described in the literature but all these 

methods have in common the use of orthophenylenediamine or 8-aminoquinoline as starting material. 

 

2.1. Skraup type reaction 

The Skraup reaction is a chemical reaction for the synthesis of quinolines discovered in 1880 by Zdenko Skraup. It 

consists of reacting aniline with glycerol in the presence of sulfuric acid and an oxidizing agent such as nitrobenzene 

at 100 °C [23-25]. Later, Skraup's reaction conditions were applied to orthophenylenediamine or 8-aminoquinoline 

to build the 1,10-phenanthroline tricycle. Thus, Blau reported in 1898, the synthesis of 1,10-phenanthroline (Scheme 

1) from orthophenylenediamine and glycerol by a double Skraup reaction in the presence of nitrobenzene [26]. A 

variant of this method has been reported in a patent, advocating the catalytic addition of copper salts and the use of 

meta-nitrobenzenesulfonic acid as an oxidizing agent to improve yields [27]. Nevertheless, the synthesis of 1,10-

phenanthroline by double Skraup reaction on ortho-phenylenediamine leads to yields of 40% or less [28-30]. The 

first 1,10-phenanthroline, more precisely 2-methyl-1,10-phenanthroline, was prepared in 1889 by Gerdeissen, by 

applying the Skraup reaction conditions to 8-aminoquinoline and glycerol [22]. Again, there are several variants but 

the best yields of 65% were obtained by cyclization in the presence of copper salts [27,31]. 

N
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Scheme 1: Synthesis of 1,10-phenanthroline from ortho-phenylenediamine and 8-aminoquinoline 

Applying Skraup's reaction conditions, CASE and coworkers obtained methylated or polymethylated derivatives of 

1,10-phenanthroline (Scheme 2) by condensation of 8-aminoquinoline with α,β-unsaturated aldehyde diacetates or 

the ketals [32-34]. 
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Scheme 2: Synthesis of methylated or polymethylated derivatives of 1,10-phenanthroline from α,β-unsaturated 

aldehyde diacetates or ketals 
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Furthermore, by replacing the aldehyde derivatives with other carbonylated α,β-unsaturated ketone or ceto-alcohol 

derivatives, this team also obtained methylated or polymethylated derivatives of 1,10-phenanthroline (Scheme 3) 

under Skraup conditions [32-34]. 
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Scheme 3: Synthesis of methylated or polymethylated derivatives of 1,10-phenanthroline from α,β-unsaturated 

ketones or ceto alcohols 

 

2.2. Conrad-Limpach type reactions 

Like the Skraup reaction this reaction was developed the synthesis of quinolines. It consists in reacting a primary 

aromatic amine with a β-ketoester to lead to the 4-hydroxy quinoline via an enamine intermediate [35, 36]. The 

application of the Conrad-Limpach synthesis to 8-aminoquinoline allowed by Hazelwood and collaborators to obtain 

a 1,10-phenanthrolinone derivative (Scheme 4) more exactly the 2-methyl-1,10-phenanthrolin-4(1H)-one [37]. 
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Scheme 4: Edification of tricycle1,10-phenanthrolinone by the Conrad-Limpach method 

 

2.3. The Doebner-Von Miller type reaction 

This reaction is a variant of the Skraup synthesis of quinolines, it consists of reacting an aromatic amine with an α,β-

unsaturated carbonyl compound (Scheme 5) in an acidic medium in the presence of an oxidizing agent [38, 39]. 

N

NH2

+ O CH3

N

N

H2SO4 dilué
As2H2O5

F

F

CH3  
Scheme 5: Edification of tricycle1,10-phenanthrolinone by the Doebner-Von Miller method 

 

2.4. Reaction from an ethoxymethylene malonic ester 

This is a condensation reaction between 8-aminoquinoline and an ethoxymethylene malonic ester. It leads to an 

intermediate of type [(quinoline 8-ylamino) methylene] alkyl malonate. The latter is then cyclized under various 

conditions to lead to a 1,10-phenanthrolin-4(1H)-one ring (Scheme 6) bearing an alkyl carboxylate function in 

position 3 [40, 41]. 



Songuigama C et al                                                                         The Pharmaceutical and Chemical Journal, 2021, 8(5):72-84 

 

          The Pharmaceutical and Chemical Journal 

75 

 

N

NH2

N
H

N

COOEt
EtOOC

N

N
H

O

COOEt

COOEt

OEt

EtOOC+ reflux Diphénylether 
 reflux

Scheme 6: Edification of the tricycle1,10-phenanthrolin-4(1H)-on 

 

3. Therapeutic potentiality of functionalized 1,10-phenanthroline derivatives 

In this part of our study we will focus only on the therapeutic properties of 1,10-phenanthroline derivatives without 

added metal complexes. These different properties are declined in antimalarial, antibacterial, antitubercular, 

antifibrotic activities etc. 

 

3.1. Antimalarial activities 

Malaria remains the most widespread and deadly tropical parasitosis in the world. Malaria is a potentially fatal 

disease caused by parasites transmitted to people through the bites of infected female Anopheles mosquitoes. 

Malaria is preventable and potentially curable [42]. In 2019, WHO estimated 229 million malaria cases worldwide 

with 409,000 deaths. Children under five years of age are the most vulnerable group affected by malaria; in 2019, 

they accounted for 67% of malaria deaths worldwide (274,000) [43]. Malaria eradication efforts have resulted in a 

reduction in malaria incidence rates globally and in sub-Saharan Africa [44]. However, this eradication progress 

remains fragile, due to the development of pharmacoresistance to antimalarial drugs and insecticides, including 

artemisinin derivatives [45-47]. Faced with such a situation, the search for new and more efficient pharmacophores 

for Plasmodium becomes an urgent need. It is in this context that Yapi and associates have conceptualized and 

synthesized diazaphenanthrene analogues of halofantrine [48]. Indeed, halofantrine, although effective against 

chloroquine-resistant Plasmodium falciparum strains, has been withdrawn from the therapeutic arsenal because of 

its serious adverse effects such as ventricular arrhythmias [49]. The results of their work showed that compounds 

with the 1,10-phenanthroline base unit (Figure 2) were active on both chloroquine-resistant strains (FcB1-

Columbia) and chloroquine-sensitive strains (Nigeria) with an IC50 of about 0.13 µM. Moreover, this activity was 

optimized by N-alkylation and salification of phenanthroline in mice infected with Plamodium vinckei petteri with 

ED50 of 7.86 mg/kg/day [50, 51]. 

N

N

CH3

Cl

CH3

I,

N

N

CH3

Cl

,

Cl  
Figure 2: Chemical structures of antimalarial N-alkylated 1,10-phenanthroline derivatives 

Building on the previous work, Mutofa and collaborators also synthesized N-alkylated and N-benzylated 1,10-

phenanthroline derivatives with antiplasmodial potentialities. Among their derivatives, the N-benzylated 1,10-

phenanthroline compound (Figure 3) showed excellent antiplasmodial activity with an IC50 between 2.41 and 0.07 

µM [52, 53] 
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Figure 3: Chemical structures of N-alkylated and N-benzylated 6-nitro 1,10-phenanthroline antimalarial 

derivatives. 

In addition, Sall and collaborators have synthesized a series of 1,10-phenanthroline conformational analogues of 

primaquine. These showed significant antiplasmodial activities in vitro on different strains of Plasmodium 

falciparum. Moreover, the compounds possessing a methoxyl group, like primaquine, proved to be more active than 

the latter. In addition, compound 5 (Figure 4) showed good gametocytocidal activity in vitro compared to 

primaquine [54]. 

N

N

CH3

H
N

H3CO

 
Figure 4: Chemical structure of compound 5 derived from 1,10-phenanthroline, conformational analogue of 

primaquine. 

 

3.2. Antitubercular activities 

Pulmonary tuberculosis represents the first cause of mortality of infectious origin in the world [55]. It is caused by a 

bacillus, in this case Mycobacterium tuberculosis. The therapeutic management of this disease is complicated not 

only by the long duration of treatment but also by the drug resistance of the bacilli to most drugs. To cope with this, 

a synergistic combination of several antituberculosis drugs has been proposed as a means of control [56-58]. 

However, with the emergence of multidrug-resistant or even ultra-resistant strains, the search for new and more 

effective molecules is essential. The first anti-tuberculosis investigations in the chemical series of 1,10-

phenanthrolines were reported in 1991 by De Zwart and colleagues [59]. He synthesized and evaluated the anti-

infective activities of 1,10-phenanthroline benzamide, 1,10-phenanthroline benzamidine and 1,10-phenanthroline 

aminobenzyole derivatives (Figure 5).  The results obtained reveal that the said derivatives have activity against 

mycobacteria, protozoa (Trichomonas), fungi (Candida albicans) and bacteria responsible for pleuropneumonia 

such as mycoplasma. Moreover, the anti-infectious activities of its derivatives are improved in some cases by the 

addition of very small, non-toxic quantities of transition metals (Copper). In addition, the anti-tuberculosis activity 

of its compounds was significantly higher than that of rifampicin used as a reference drug [59]. 
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Figure 5: General chemical profile of 1,10-phenanthroline benzamide, 1,10-phenanthroline benzamidine and 1,10-

phenanthroline aminobenzyole derivatives with antitubercular, antiprotozoal and anticandidosic activities 

In 2009, Anshika et al showed that unsubstituted 1,10-phenanthroline exhibited in vitro antitubercular activity by 

inhibiting peptide deformylase, an enzyme essential for the maturation of bacterial growth and survival proteins. In 

addition, 1,10-phenanthroline has a synergistic action with major anti-tuberculosis drugs such as isoniazid and 

rifampicin [60]. Furthermore, Kidwai and colleagues evaluated the antibacillary activities of 5-nitro 1,10-

phenanthroline (Figure 6) on Mycobacterium tuberculosis. Their study revealed that this compound inhibited the 

growth of Mycobacterium tuberculosis with an MIC99 at 0.5 µg/mL. The structure-activity relationship studies 

undertaken revealed that the nitro group was essential for the development of good antituberculosis activities. 

Furthermore, 5-nitro 1,10-phenanthroline appears to have a dual mechanism of action on Mycobacterium 

tuberculosis [61]. 

N
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NO2

N

N

NO2

 
Figure 6: Chemical structure of 5-nitro 1,10-phenanthroline derivatives with antitubercular activities 

More recently, Coulibaly and colleagues reported the excellent antitubercular activities of some 6-nitro derivatives 

of 1,10-phenanthrolinone (Figure 7) with MIC90s between 0.31 and 9.84 μM. The antitubercular activities of the 6-

nitrophenantrolinones were retained on various mycobacterial species and some fluoroquinolone-resistant mutant 

strains. Furthermore, 6-nitro-phenanthrolinones were found to be nontoxic on Vero cells with IC50 > 100 μg/mL, 

which is 16 to 64 times their MICs [62]. 
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Figure 7: General chemical profile of 6-nitro 1,10-phenanthrolinone derivatives with antitubercular activities 
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3.3. Antibacterial activities 

Antimicrobial resistance is a growing health threat and compromises development. This resistance is favored by the 

generalized use or even abuse of certain antibiotics, in preventive or curative treatment in human and veterinary 

medicine [63]. Indeed, the excessive use of antibacterials has contributed to the elimination of sensitive bacteria and 

the selection of the most resistant. This selection pressure has led to the development of populations of antibiotic-

resistant microorganisms and to a general decrease in the efficacy of antibiotics, ultimately leading to a therapeutic 

impasse [64]. Unfortunately, this antibiotic resistance affects almost all classes of antibiotics and we are witnessing 

the rapid emergence of multi-resistant pathogenic bacteria in hospitals, thus increasing the mortality and morbidity 

rates due to nosocomial infections for lack of effective treatment [65]. Faced with this situation, the development of 

new effective antibacterials, capable of bypassing the phenomena of drug resistance induced by the bacteria, is 

becoming an emergency. To address the need for new antibacterials, Lee and colleagues prepared and evaluated the 

antibacterial activities of 1,10-phenanthrolinone derivatives (Figure 8) on Gram-positive (Staphylococcus aureus, 

Micrococcus luteus) and Gram-negative (Pseudomonas aeruginosa, Salmonella typhimurium) bacteria. These 

presented antibacterial activities that were similar or even superior to those of Nalidixic acid used as reference drugs 

[40, 41]. 

N

N

O

R6

OH

O

R9= H, CH3, C2H5
R6= H, F

R9

 
Figure 8: Chemical structures of 1,10-phenanthrolinone derivatives with antibacterial activities described by Lee. 

More recently in 2020, the antibacterial activities of imidazo-1,10-phenanthroline derivatives were reported by 

Aslıhan and colleagues [66]. These showed that the antibacterial activities were influenced by the nature of the 

substituents on the phenyl ring directly linked to imadazole. Compound 3 substituted (Figure 9) with a 

chloroquinoline at this phenyl showed the best antibacterial activity with a Minimum Inhibitory Concentration at 

156.25 µM. 
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N
H
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Figure 9: Chemical structure of compound 3 derived from imidazo-1,10-phenanthroline with antibacterial activities 

 

3.4. Anticancer activities 

According to the WHO, the word "cancer" is a generic term for a large group of diseases that can affect any part of 

the body. It is also referred to as malignant tumors or neoplasms. A characteristic feature of cancer is the rapid 

multiplication of abnormal cells with unusual growth, which can invade neighboring parts of the body and then 

migrate to other organs. This is known as metastasis and is the leading cause of death from cancer. Cancer is the 

second leading cause of death in the world, with approximately 10 million deaths per year, that is to say one in six 
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deaths is due to cancer worldwide [67]. Moreover, 70% of cancer deaths occur in low- and middle-income countries. 

As for anticancer treatment, it poses several problems such as toxicity, drug resistance and adverse effects [67, 68]. 

The chemical profile of 1,10-phenanthroline, due to its ability to intercalate with DNA bases, is a privileged reason 

for the development of anticancer drugs. Thus, several authors have reported in the literature the antitumor 

properties of 1,10-phenanthroline derivatives. The in vitro anticancer activities of 11 benzyl-1,10-phenanthroline 

derivatives on three human cancer cell lines, namely cervical cancer (HeLa), myeloma (NS-1) and breast cancer 

(MCF-7) have been reported by Eti Nurwening and colleagues. Their results show that (1)-N-(4-butoxybenzyl)-

1,10-phenanthrolinium bromide (Figure 10) exhibited the best in vitro anticancer activity with an IC50 of 27.60 ± 

2.76 µM on HeLa, 6.42 ± 5.53 µM on NS-1 and 9.44 ± 2.17 µM on MCF-7 cell lines [69]. 

N

N

O

CH3

, Br

 
Figure 10: Chemical structure of (1)-N-(4-butoxybenzyl)-1,10-phenanthrolinium bromide with anti-cancer activity 

In 2016, the antitumor activities of 2,9-di- sec -butyl-1,10-phenanthroline derivative on lung, head and neck cancer 

cell lines were reported. These showed that the 2,9-di- sec -butyl-1,10-phenanthroline derivative alone induced 

autophagy, G1 cell cycle arrest and apoptosis with CI50 between 0.1 and 0.2 M. Moreover, the 2,9-di- sec -butyl-

1,10-phenanthroline derivative exhibited synergistic action with cisplatin without major toxicity [70]. 

N

N

 
Figure 11: Chemical structure of 2,9-di-sec-butyl-1,10-phenanthroline derivative with anticancer activity 

Recently in 2020, the anticancer activities of 2-(1,10-phenanthrolin-5-yl)imino)methyl)-5-bromophenol and N-

(1,10-phenanthrolin-5-yl)- 1-(thiophen-3-yl)methanimine (Figure 12) against breast, cervical, colorectal, and 

prostate cancer cell lines as well as immortalized human keratinocytes have been reported. These compounds 

possess dose-dependent selective cytotoxicity on cancer cells, without major toxicity on normal cell lines [71]. 
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Figure 12: Chemical structure of 2-(1,10-phenanthrolin-5-yl)imino)methyl)-5-bromophenol and N-(1,10-

phenanthrolin-5-yl)- 1-(thiophen-3-yl)methanimine derivatives with anticancer activities 

 

3.5. Antifibrotic activities 

Fibrosis is an elementary lesion of the connective tissue defined by the increase of fibrillar constituents of the 

extracellular matrix in a tissue or organ. It is a frequent component of inflammatory processes but can also occur in 

other pathological conditions (vascular, metabolic, tumor pathologies) [72]. The anti-fibroproliferative activities of 

polyfunctionalized 1,10-phenanthroline derivatives (Figure 13) were reported in a patent in 1999 [18]. In this patent 

the authors reported the inhibitory properties of 1,10-phenanthroline derivatives of the enzyme prolyl 4-hydroxylase 

involved in the hydroxylation of proline residues in collagen protein. The 4-hydroxyproline residues are essential for 
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the formation of the triple helix of collagen secreted in the fibrous tissue. Any compound capable of inhibiting prolyl 

4-hydroxylase activity may be of potential value in the treatment of fibroproliferative disease such as rheumatoid 

arthritis, chronic arthritis, osteoarthritis, hepatic fibrosis, hepatic cirrhosis, pulmonary fibrosis, renal fibrosis, cardiac 

fibrosis, arteriosclerosis-associated fibrosis, and scar tissue formation after injury or surgery [73]. 
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Figure 13: Chemical structure of some 1,10-phenanthrolinone derivatives with antifibrotic activities 

 

3.6. Insecticidal activities 

Porphyrin insecticides are chemical compounds that modulate the porphyrin-heme biosynthetic pathway. When 

these compounds are used alone or in combination with δ-aminolevulinic acid, they promote the accumulation of 

protoporphyrin IX in the insect. The uncontrolled biosynthesis of protoporphyrin causes the death of the treated 

insect in the dark and in the light [74]. Derivatives of 1,10-phenanthrolines have shown insecticidal activities on 

various insect vectors of diseases and pests of plant crops [75].  Thus, methylated derivatives of 1,10-phenanthroline 

(4-methylated, 5-methylated, 5,6-dimethylated, 4,7-dimethylated derivative), 5-chloro 1,10-phenanthroline and 5-

nitro 1,10-phenanthroline (Figure 14) exhibited excellent insecticidal activities against Trichoplusiani with a 

minimum inhibitory concentration at 3 mM in the presence of 4 mM δ-aminolevulinic acid [76]. 
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Figure 14: Chemical structure of some 1,10-phenanthrolinone derivatives with insecticidal activities 

 

 

4. Conclusion 

The 1,10-phenanthroline ring is a diazotized heterocycle with many pharmacological properties. Unfortunately, the 

high affinity of this chemical motif towards human metalloproteins is at the origin of a certain toxicity. To overcome 

this toxicity, the first strategy adopted was to form metal complexes with the nitrogen atoms at positions 1,10 of 

phenanthroline. The second strategy focused on functionalizing the 1,10-phenanthroline tricycle to reduce toxicity 

without further addition of metals. A number of variously functionalized 1,10-phenanthroline derivatives have 

shown excellent antitubercular, antifibrofilative activities and have been patented. This review is a contribution to 

the identification of the therapeutic potential of non-metal coupled 1,10-phenanthroline derivatives. It reveals that it 

is possible to functionalize 1,10-phenanthroline derivatives in order to reduce the toxicity of these derivatives while 

maintaining their therapeutic activities. 
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